This is a double blind placebo controlled study of sustained release bupropion as a smoking cessation aid in alcoholics undergoing treatment for their alcoholism. Participants (N=58) were enrolled within one week of entry into alcohol treatment from community and Veterans Affairs Substance Use Disorder programs. All participants received nicotine patch and were invited to attend a smoking cessation lecture and group. Cigarette smoking and alcohol outcomes were measured at six months. Bupropion when added to nicotine patch did not improve smoking outcomes. One-third of participants on bupropion reported discontinuing the drug during weeks 1-4. Participants reported cigarette outcomes with nicotine patch which are similar to those seen in the general population. All study participants significantly reduced cigarette use. Co-morbid affective disorder or antipersonality disorder did not affect outcomes. Alcohol outcomes were improved in those who discontinued cigarettes.
Introduction
The World Health Organization (WHO) reports that 1.3 billion children, women and men are cigarette smokers worldwide. According to the WHO, almost 5 million tobacco-related deaths occur each year and almost half of cigarette smokers will die as a result of their nicotine addiction (Graul and Prous, 2005) . While cigarette smoking has decreased to 24.9% of the United States population age twelve or older (2005) , approximately 80-95% of alcoholics smoke cigarettes (Friend and Pagano, 2005; Hughes, 1995) . Smoking alcoholics smoke more than non-alcoholics (Hurt et al., 1995; Marks et al., 1997) , are more nicotine dependent (Hughes and Kalman, 2006) , may experience more severe nicotine withdrawal symptoms (Marks et al., 1997) and are particularly vulnerable to significant medical sequelae of concomitant use of both drugs (Blot et al., 1988; Vaillant et al., 1991) . Tobacco, rather than alcohol, has been shown to be the leading cause of death among alcohol dependent patients previously treated for their alcoholism in an inpatient setting (Hurt et al., 1996) .
Previous studies of smoking cessation in alcoholics
Smoking quit attempts result in quit rates at 6 months of 10-40% in the general population and 0-29% in alcoholics. In a study of lifetime quit attempts, remarkably only 7% of alcoholics reported being successful in their quit attempts while 49% of the general population were able to discontinue cigarette use (DiFranza and Guerrera, 1990) . In a meta-analysis of persons with substance use disorders, smoking abstinence rates for comparison and intervention groups were 6 and 7% respectively for those in addictions treatment and 15 and 20% for those in recovery at 6-12 months .
The authors found the greatest intervention effects in those recent studies that provided nicotine replacement therapy. When alcoholics are compared across various stages of their disease, individual quit attempts result in quit rates of 3-19% at 4-6 months while in alcoholism treatment (Bobo et al., 1996; Bobo et al., 1998; Grant KM, 2003; Joseph et al., 2004; Kalman et al., 2001 ) and 9-29% at 4-6 months in alcoholics who reported they were no longer drinking (Hays et al., 1999; Kalman et al., 2006; Martin et al., 1997) (Table 1) .
Two studies found no adverse effects of concurrently treating alcoholism and nicotine dependence (Hurt et al., 1994) (Kalman et al., 2001 ) while Joseph showed that delayed treatment may be superior to concurrent treatment (Joseph et al., 2004) . Another study suggests that smoking cessation reduces the risk of alcohol relapse (Sobell, 1995) and an analysis of Project MATCH (a large multi-site study comparing various alcohol treatments) participants showed that persons who discontinued cigarettes had a significant and durable reduction in alcohol intake at the time of smoking cessation which persisted for six months post cigarette cessation (Friend and Pagano, 2005) . A number of studies have found a positive association between abstinence from cigarettes and alcohol in alcoholics (De Soto et al., 1989; Miller et al., 1983; Stuyt, 1997) .
Bupropion as a potential treatment for smoking cessation in alcoholics
Sustained release bupropion, an antidepressant, has been approved for the treatment of cigarette smoking. In a review of 19 placebo-controlled trials, bupropion doubled the odds of smoking cessation . It has multiple pharmacologic effects including blocking the reuptake of dopamine and noradrenaline (Ferris, 1993; Horst and Preskorn, 1998) and the nicotinic acetylcholine receptors (Slemmer et al., 2000) . Sustained release (SR) bupropion has been shown to be efficacious in the treatment of smoking cessation in the general population, in African-Americans and in those who have relapsed to smoking (Ahluwalia et al., 2002; Gonzales et al., 2001; Hurt et al., 1997; Jorenby et al., 1999) . Preliminary studies suggest that bupropion may be useful in smoking cessation attempts in persons with schizophrenia and chronic post traumatic stress disorder (Evins et al., 2001; Hertzberg et al., 2001; Weiner et al., 2001 ). Bupropion has also been shown to have efficacy in cigarette smokers with a former history of alcoholism with and without a history of major depression (Hayford et al., 1999) . However, in a study of bupropion in outpatient smoking clinics in France, participants with mild to moderate alcohol problems quit smoking at about half the rate of persons with no alcohol problems at 6 months (Aubin et al., 2004) . Bupropion has not been studied as a smoking cessation aid in individuals being treated for their alcoholism.
Materials and Methods

Overview
This is a double blind placebo controlled study of bupropion SR as a smoking cessation aid in alcoholics undergoing treatment for their alcoholism. All participants received nicotine patch and participated in treatment as usual for their alcoholism. Cigarette smoking and alcohol outcomes were measured at 4 and 9 weeks and 6 months. See study flow chart in Figure 1 .
Treatment Settings
Participants were recruited between September 2002 and October 2004 from two substance use disorder (SUD) treatment programs in Eastern Nebraska: the Veterans Affairs Nebraska Western Iowa Health Care System (VA NWIHCS) Omaha site and Catholic Charities Campus for Hope (CFH). Participants were recruited at admission to residential and nonresidential outpatient programs. The study protocol and consent form were approved by the VA NWIHCS Institutional Review Board and Catholic Charities.
Enrollment
A total of 1,064 persons entering SUD treatment at the study sites were screened for study eligibility within seven days of treatment entry. If a review of the patient's chart indicated that the individual met criteria for study entry, a screening interview with the prospective participant was conducted. Patients were excluded if any of the following criteria were met: did not meet DSM-IV criteria for alcohol dependence/abuse, smoking less than twenty cigarettes per day, current use of bupropion or past use of bupropion in a research study, history of seizures including alcohol withdrawal seizures, history of cerebral infract, intra-cerebral hemorrhage or brain tumor, unstable angina, respiratory or liver failure, history of schizophrenia or bipolar affective disorder, unwillingness to quit smoking (stage 1 pre-contemplation of Prochaska's Stages of Change) (Prochaska and DiClemente, 1992) , refusal to provide collateral information, current unstable depression (any depressive symptoms in the previous six months), women who reported being pregnant or anticipated becoming pregnant in the subsequent 12 weeks or current use of any of the following medications: tricylic antidepressants, monoamine oxidase inhibitors, fluoxetine, antipsychotics, benzodiazepines, protriptyline, theophylline or any investigational drug in the previous four weeks. Other antidepressants (e.g. paroxetine, escitalopram, mirtazepine, venlafaxine, sertraline) did not preclude study entry. The most common reasons for study ineligibility were lack of alcohol diagnosis (278), current use of contraindicated medication (328), current unstable depression (98), history of bipolar affective disorder (126) and enrollment in SUD treatment for greater than 7 days (146). Patients who were screened may have met more than one criteria for ineligibility. Patients with active SUD in addition to their alcoholism were eligible for the study.
Ninety patients were eligible for study entry and attended a screening interview. Seventy-five percent (75%) or 68 individuals were enrolled in the study. All participants enrolled in the study completed written informed consent. The procedures followed were in accordance with the ethical standards of the committee on human experimentation and with the Helsinki Declaration of 1975 and revised in 1983. Ten participants did not complete the baseline questionnaire. Data were analyzed for the 58 participants who completed the baseline questionnaire. Six participants later dropped out of the study and data from these participants are included in the analysis until they chose to withdraw from study participation. A "quit smoking" date was set and collateral information collected. A serum beta-HCG was obtained in appropriate female participants to confirm pregnancy status.
Intervention
Participants were randomized in a double blind manner into the treatment or control group. The treatment group received bupropion SR 150 mg per day for three days to be followed by 150 mg twice daily for 60 days. The control group received identical placebo capsules and was instructed to follow the same medication regimen. All participants were instructed to begin their capsules eight days before their quit smoking date. Both groups received nicotine patches and were instructed in their appropriate use. Participants were asked to initiate the patches on their targeted quit date and to follow a tapering regimen of 21 mg (four weeks), 14 mg (two weeks), and 7 mg (two weeks).
Study Protocol
At the time of study enrollment, participants completed a baseline questionnaire. Each of the following three weeks the participants met with study staff to assess tolerability and compliance with study medication and participation in alcoholism treatment. Participants were asked to attend a single one hour smoking cessation group in which an educational video was shown and followed by a staff-lead discussion of smoking cessation techniques. At week four, medication tolerability and compliance, cigarette smoking and alcohol outcomes were measured. At week nine and at six months, cigarette smoking and alcohol outcomes were measured.
Participants received $10, $20, and $30 dollars at week 4, week 9 and 6 months respectively upon completing follow-up questionnaires. Participants were asked to return any unused nicotine patches and all bupropion/placebo medication bottles. The majority of participants were seen by the study coordinator at their treatment site during the first four weeks of study participation. Those participants who discontinued alcohol treatment during study weeks 1-4 were contacted by study staff and completed the questionnaire by telephone. However, blood pressure, pulse, exhaled carbon monoxide, and breath alcohol measurement were not measured in these participants. Ninety four percent (94%) of participants completed all weekly screenings in person. At week 9 and 6 months, participants responded to the follow-up questionnaire via mail or telephone. At 6 months, collateral informants were contacted to confirm cigarette and alcohol use history provided by participant. Adverse event information was collected and reviewed every four weeks throughout the study by study staff until the last enrolled participant completed the 6 month follow-up.
Assessment instruments
At study enrollment participants completed the Mini-International Neuropsychiatric Interview (MINI) (Sheehan et al., 1998) to determine substance use diagnoses and assess psychiatric symptoms and diagnoses, the Fagerstrom Test for Nicotine Dependence (FTND) (Heatherton et al., 1991) to determine severity of nicotine dependence, and the Beck Depression Inventory (BDI) (Beck and Beamesderfer, 1974) to evaluate severity of depressive symptoms.
Outcomes
Cigarette smoking outcomes were measured by seven day point prevalence abstinence rates (i.e. percentage who report abstinence from cigarettes over the previous seven days) at 4 and 9 weeks and 6 months (Velicer and Prochaska, 2004) . At the same follow up points the Timeline Follow-Back (TLFB) drinking calendar was used to determine the number of drinks per day, drinks per drinking day, percent days abstinent and continuous abstinence in the previous 30 days (Sobell, 1992) .
Statistical Methods
Data were analyzed with SPSS and SAS statistical packages. T-tests and chi-square tests were used to compare the baseline characteristics between the treatment groups. Fisher's exact test was used for comparisons for small sample situations and the Wilcoxon rank sum test was used for continuous data when normality assumptions were not met. An a priori sample size of 130 (65 in each group) was powered to detect a difference of medium size (.18). However, use of contraindicated medication and other factors noted above limited the number of prospective participants to 90. Seventy-five percent of them were enrolled in the study. In order to help control the type I error rate due to testing multiple endpoints, p-values less than 0.01 will be considered statistically significant. When comparing the follow-up rates between the groups, the rates calculated account for the number of drop outs at each time point. In general, only data from participants who responded to the surveys were analyzed. These are called "respondent" analyses. For the smoking cessation rates, we also did an "intention to treat" analysis, where non-responders are assumed to be smoking cigarettes.
Results
Sample Characteristics
Eighty-four percent of study participants were male. All females were enrolled from the community site. The bupropion and placebo groups were similar in gender, racial and ethnic composition, and age at study entry. The mean number of cigarettes per day at study entry was 27 in the placebo group and 23 in the bupropion group. The mean Fagerstrom Test for Nicotine Dependence (FTND) was 6 in both groups. Fifty-three percent of participants had at least one other substance dependence in addition to alcohol and nicotine. Drinking measures and mental health history were similar in the two groups. Two (7%) of the placebo group and four (13%) of the bupropion group were on antidepressants at study entry. Many of the study participants reported a history of mental illness, most commonly an affective disorder or anti-social personality disorder. Twenty-two percent of participants reported desire to quit smoking within the next 6 months and 78% reported wanting to quit within the next month (Table 2) .
Response Rates and Analysis
The follow-up rates at 4 and 9 weeks and 6 months were 93%, 83% and 75% respectively. There was no significant difference in follow-up rates between the bupropion and placebo group at any of the follow-up points. Fifty-six percent of collateral contacts were reached at the 6 month follow-up.
Cigarette Smoking
At each follow-up point there was no significant difference in cigarette smoking outcomes between the placebo and bupropion groups. At week four there appeared to be a trend toward benefit with bupropion, however, by week 9 this trend was reversed and maintained through the remainder of the follow-up period in both the "intention to treat" and "respondents only" analyses (Table 3) . Interestingly, at weeks 4, 9 and 6 months there was a significant change (all P<0.001) from baseline in the number of cigarettes smoked in both the placebo and bupropion groups. The mean carbon monoxide measurement decreased from baseline, 20.4 parts per million (ppm) (SD 10.3), to week four, 12.1 ppm (SD 12.0), for all participants (P=0.0095). No significant changes were seen between weeks 4, 9 and month 6. (Figure 2 ) However, of the 13 respondents who reported abstinence from cigarettes in the previous seven days at the six month follow-up, at least one collateral contact of seven respondents reported that they were currently smoking. Although there was no difference between the treatment and control groups, abstinence from cigarettes at 6 months was higher than previously reported in "in treatment" alcoholics (33% and 22% in respondents and intention to treat analysis respectively.)
Alcohol
Continuous abstinence, drinks per day, drinks per drinking day and percent days abstinent in the previous 30 days were measured at each follow-up point. At week 4, the placebo group were more likely to be continuously abstinent from alcohol, had fewer drinks per day, and greater percent days abstinent in the previous 30 days but these were not statistically significant (Table 4) . When asked about continuous abstinence from alcohol since study entry, collateral contacts for 7 of 30 respondents who reported 30 days of continuous abstinence at 6 months reported at least a single episode of drinking several drinks since study entry. Also of note, participants who successfully discontinued smoking at 6 months reported greater continuous abstinence from alcohol, fewer drinks per day, and more abstinent days in the previous 30 days but, again, these differences were not statistically significant. (Table 5 ).
Affective and Personality Disorders
There was no difference in mean Beck Depression Inventory between cigarette quitters and non-quitters (P=0.42) and no significant difference in abstinence from cigarettes in participants with and without a history of an affective disorder (Table 6 ). There was no significant difference in cigarette outcomes in participants with and without anti-social personality disorder (Table  6 ).
Compliance and Tolerability
There was no significant difference in medication compliance between participants on bupropion and placebo weeks 1-4 however, at each week participants in the bupropion group reported taking fewer of the capsules than those on placebo. We attempted to assess medication compliance during weeks 5-9 by asking participants to return medication bottles (with any unused bupropion/placebo) and any unused nicotine patches with their week 9 follow-up questionnaires. However, the majority of participants did not comply with our request and we are unable to assess medication compliance for weeks 5-9.
There were no seizures in the study population. The most common side effects reported with bupropion were insomnia and headache (Table 7) . Ten (33%) of the participants on bupropion reported discontinuing drug during weeks one through four while only three (11%) of participants on placebo reported discontinuing medication during the same time period (P=0.059). Insomnia was reported by eleven of the participants in the bupropion SR group during weeks 1-4 but by only two participants in the placebo group.
Discussion
Effect of bupropion on cigarette and alcohol use
To our knowledge this is the first study evaluating the efficacy of bupropion for smoking cessation in alcoholics early in their alcoholism treatment. The primary outcome of this study indicates that bupropion, when added to nicotine patch therapy, did not improve smoking outcomes in this population of "in treatment" alcoholics. In this preliminary study, there was a trend toward poorer alcohol outcomes in three of the four alcohol outcomes measured at week four in the bupropion group.
Given that bupropion has been been shown to be efficacious in multiple other populations, its lack of efficacy in early in treatment alcoholics may be associated with a feature unique to this population. It is possible that the side effects associated with bupropion may be less tolerable or more frequent in newly sober alcoholics prompting discontinuation of bupropion. The current study is remarkable for the number of participants in the bupropion group who reported insomnia. By the end of week four, 33% of participants on bupropion had reported discontinuing the drug. In previous studies 6% (Hurt et al., 1997) , 11-12% , and 10% (Aubin et al., 2004) of participants discontinued bupropion due to side effects. Compliance with bupropion and placebo was not assessed weeks 5 -9. It is possible that the side effects associated with bupropion prompted discontinuation of drug in weeks1-4 in onethird of participants and less compliance in the remaining subjects during the remaining 5 weeks of the study which went undetected. At week 4, participants on bupropion had better (but not significant) cigarette outcomes and worse alcohol outcomes. Early use of bupropion may have resulted in less cigarette use at week 4 but simultaneously contributed to increased alcohol use to combat insomnia. Alcoholics typically report higher rates of insomnia (36% -67%) than the general population (17%-30%) (Mellinger et al., 1985) with 60% -70% reporting using alcohol to assist with sleep (Skoloda TE, 1979) . Insomnia in alcoholics has been associated with relapse to alcohol (Brower et al., 2001) . In clinical practice, a patient's report of insomnia while on bupropion dosed twice daily would likely result in a dosage or schedule change. The study protocol did not allow for such an adjustment and it is conceivable that a modifed dosage or schedule may have been more tolerable in this population.
Effect of Nicotine replacement on cigarette use in alcoholics
Participants in this study, all of whom utilized nicotine patch with or without bupropion, showed a significant reduction in cigarette smoking at each follow-up point. Study participants reported a decrease from a median of 20 cigarettes per day at baseline to 4.8 cigarettes per day at 6 months. There was a significant change from baseline in the median number of cigarettes smoked in both the placebo and bupropion groups at weeks 4, 9 and month 6 (all p< 0.001). No significant changes were seen between weeks 4, 9 and month 6. Similar findings were seen in a study of persons hospitalized for alcohol, cocaine and opiate use disorders utilizing nicotine patch with a significant reduction from 24 to 10 cigarettes per day at 6 months (Gariti et al., 2002) . This observation underscores the findings from a meta-analysis reported by Prochaska which found that the greatest intervention effects on smoking abstinence in those with SUD were seen in those studies which employed nicotine replacement therapy .
Cigarette abstinence of 22% (intention to treat) and 32% (respondents) at six months in alcoholics while in alcohol treatment is encouraging and similar to outcomes seen with nicotine replacement in the general population. Alcoholics are heavily nicotine dependent (Hughes and Kalman, 2006) and nicotine replacement therapy may be particularly important in this population. Few previous studies have examined nicotine replacement in alcoholics in the early stages of their alcohol treatment. However, two studies that included nicotine replacement in alcoholics in early alcohol treatment resulted in 14.1 % cigarette abstinence at six months (Joseph et al., 2004 ) and 19% at 4 months (Kalman et al., 2001) . Study participation, increased awareness of cigarette smoking and/or the nicotine patch may have all played a role in the 6 month outcomes. Enthusiasm for these findings must be tempered, however, given that at least one of the collateral contacts for seven of the respondents did not substantiate their report of cigarette abstinence in the previous seven days at the 6 month follow-up, which, if accurate, results in a total quit rate of 10% (intention to treat) and 15% (respondents).
Relationship between smoking cessation and alcohol sobriety
In our study, 75% of respondents reported continuous alcohol abstinence in the previous 30 days at 6 months. These findings are similar to those seen by Joseph at 6 months in alcoholics who were treated for cigarette smoking concurrent to their alcohol treatment (67%) or in those treated six months later (74%) (Joseph et al., 2004) . While our findings, given the modest number of subjects, must be considered preliminary, we found no evidence that those who were successful at smoking cessation in this study jeopardized their sobriety from alcohol. Those who quit cigarettes had better alcohol outcomes at six months in three of four alcohol outcome measures supporting earlier studies which reported improved drug or alcohol outcomes in persons who discontinued cigarettes (Gariti et al., 2002; Kalman et al., 2001; Miller et al., 1983) . Participants who discontinued cigarettes reported no non-alcohol drug use at six months.
Affective and Anti-Social Personality Disorder
To our knowledge this is the first study to examine smoking quit rates in persons undergoing treatment for alcoholism with a history of affective disorder or with antisocial personality disorder (ASPD). Smoking cessation outcomes were similar in the affected and non-affected groups. While eligibility criteria excluded persons with currently symptomatic depression and any diagnosis of bipolar affective disorder, smoking outcomes were similar in those participants who reported a history of or symptoms suggestive of depression or mood instability as those who did not. Likewise, the Mean Beck Depression Inventory score was similar in those who were and were not abstinent from cigarettes at six months. Similarly, persons with and without antisocial personality disorder had comparable outcomes. Clearly alcoholics with ASPD or stable depressive disorders may be candidates for a cigarette quit attempt. Persons with cooccurring disorders (mood disorder + alcoholism or ASPD + alcoholism) are reported to have poorer SUD outcomes but, in this setting, had quit rates similar to those without the dual disorder.
Strengths and weaknesses
This study of in treatment alcoholics has a number of strengths. Alcoholics who are recently symptomatic are typically excluded from cigarette cessation studies. This is the first study of bupropion in alcoholics undergoing alcoholism treatment. Participants were recruited in a naturalistic fashion within one week of entry into multiple levels of care (residential, intensive outpatient or low intensity outpatient alcohol treatment) in a community and VA setting. They were heavy smokers and the majority had made multiple alcohol and cigarette quit attempts. Other drug use or treatment with many frequently prescribed anti-depressants did not preclude study enrollment. Persons with stable depression, anxiety, post traumatic stress disorder and anti-social personality disorder participated in the study. All participants were given an 8 week course of nicotine patch and encouraged to attend a one hour education and group session and continued with alcohol treatment as usual. The population studied is typical for many community and VA based treatment settings. Alcohol and cigarette outcomes were measured at six months.
There are several factors which contribute to the limitations of this study. Given the modest number of participants in this study, the findings discussed above must be considered preliminary. Secondly, we did not confirm participant reports of alcohol or cigarette use/ abstinence bio-chemically and relied on self-report and the information provided by collaterals (in some cases the two collateral contacts disagreed with each other).While this practice is consistent with many previous smoking cessation studies, it does contribute to a lack of confidence about our findings. We were not reliably able to ascertain compliance with either the nicotine replacement product or bupropion/placebo capsules weeks 5-9 of the study which may have diluted any differences between the intervention and control groups. Given the apparent robust response to nicotine patch treatment in all participants and the size of the study population, a small difference in the two study groups would be difficult to detect. Participants were recruited from two publicly funded sites which largely serve low income alcoholics. Additionally, we did not enroll persons with a history of alcohol withdrawal seizures. These factors may make our findings less generalizable to a broader alcoholic population. Participants were paid a nominal amount for study participation which may have effected an individual's decision to participate in the study. Lastly, this study did not include a control group who received nicotine replacement only without the potential placebo effect afforded by the neutral capsules. Likewise, there was no group who received alcohol treatment as usual with delayed cigarette treatment.
This study of smoking cessation treatment in alcoholics resulted in a significant decrease in cigarette use in study participants which was sustained at six months. Subjects participated in the intervention at the onset of their alcohol treatment and those who quit smoking, in this preliminary study, showed a trend towards improved alcohol outcomes at six months. Median number of cigarettes smoked per day at baseline and each follow-up point in bupropion and placebo groups. Each point represents median and error bars are the range of the data. 
